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@ An anode system for piasma heating usable in a tundish.

F@ An anode system for plasma heating usable in
the tundish of a continuous casting apparatus, which
¢ is economical and simple in structure and can enjoy
&t a long service life, and comprises a dam member -
(6) provided on the bottom surface of a tundish (1)
LY near and along a side wall or an over-flow wall of the
M tundish to form a space or gap therebetween, an
electrical conductive member (7) with its end portion
) exposed to the space or gap and the other end
electrically connected to a power source, said dam
LLimember (6) having a height higher than a level (3c)
of molien metal remaining after the pouring of the
molten metal from the tundish, but lower than a

minimum level (3b) of molten metal normally con-
tained in the tuggigh (Fig. 1).
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AN ANODE SYSTEM FOR PLASMA HEATING USABLE IN A TUNDISH

Background of the invention:
Field of the Invention:

The present invention relates to a plasma heat-
ing device for heating a molten steel in a tundish,
more particularly an anode system for the plasma
heating device suitable for use in a tundish of a
continuous casting apparatus.

The main object of the present invention is to
provide such anode sysitems which are economical
-and simple in structure and can be used for a long
period of time under severe service conditions.

Description of Prior Arts:

For heating molten metal, such as molten steel
in various metallurgical furnaces, the adoption of
plasma heating has been becoming more and
more common in recent years. In principle, the
plasma heating device comprises a power source,
a plasma torch (cathode) for generating a plasma
arc, which makes an elecirical path between the
molten metal and the plasma torch and an elec-
trode (anode) io supply current into the molten
metal. Conventionally, the current supplying elec-
trode (anode) is formed by placing electric conduc-
tive carbon bricks on the bottom surface of a
stationary furnace, such as a melting furnace, and
connecting a lead wire to the brick formation to
provide a current path, or by forming part of the
bottom portion of the furnace with a metal having a
similar composition as the metal fo be melted in
the furnace instead of the bricks, and projecting
part of the metal formation outside the furnace in
the form of fins for necessary cooling. In the latter
system, although the current supplying electrode is
considerably melted by the molten metal, the mol-
ten metal pool! remaining after the pouring of the
molien metal from the furnace is allowed to solidify
again prior to a subsequent charge of the furnace
and this solidified metal can be used as part of the
electrode.

However, in cases where the plasma heating is
utilized for heating a molten metal in a tundish of a
continuous casting apparatus as disclosed in Ger-
man Patent Specification No. 1288760, the current
supplying elecfrodes according to the above two
systems have been conifronted with the following
problems.
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In the case of the tundish of a continuous
casting apparatus, as well known, it is necessary to
strip off the solidified metal reaming on the botiom
of the tundish after the pouring and during this
removal operation, the electrode provided on the
furnace botiom is very often damaged, and once
damaged, must be replaced with a new one.
Therefore, the service life of the current supplying
elecirodes according to the conventional systems
are very short when used in the tundish. In addi-
tion, the tundish itself is more often replaced and
the brick works are more frequently repiaced as
compared with the stationary furnaces, and each
replacement of the tundish or the brick works re-
quires renewal of the electrode, thus increasing the
running cost of the tundish operation and com-
plicating the over-all works including the tundish
replacement and the brick works replacement.

Under such situations, an upper-insertion type
of current supplying electrode has been proposed
for the plasma heating usable in the tundish in a
continuous cast in apparatus as disclosed in Japa-
nese Laid-Open Patent Application No. Sho 59-
107755. This type of anode, however, has technical
and economical problems such that it is necessary
to prevent the melting of the anode itself in order to
increase the service life, and for this a precious
material must be used. For these reasons, the
proposed anode has not yet been commercially
used with success.

Summary of the Invention:

Therefore, the present invention provides an
improved structure of an anode system for plasma
heating usable in the tundish of a continuous cast-
ing apparatus, which is economical and simple in
structure and can enjoy a long service life.

The anode system according to the present
invention comprises a dam member provided on
the bottom surface of a tundish near and along a
side wall or an over-flow wall of the fundish to form
a space or gap therebetween, an electrical conduc-
tive member with its end portion exposed o the
space or gap and the other end electrically con-
nected to a power source, said dam member hav-
ing a height higher than a level of molien metal
remaining afier the pouring of the molien metal
from the tundish, but lower than a minimum level of
molten metal normally contained in the tundish.
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According to one embodiment of the present
invention, the anode in the form of wire or strip is
inserted through a hole provided in the side wall or
bottom wall of the tundish into the space formed
between the side wall and the dam member or
between the over-flow wall provided on the bottom
of the tundish and the dam member.

According to a further modification of the
present invention, the electrical conductive member
is placed on the inside of the side wall along its
height and part of the bottomn adjacent to the side
wall, with the end portion projecting into the space
or gap between the side wall or the over-flow wall
and the dam member and the portion exposed to
the molten metal in the tundish being covered by
refractories for protection from the molten metal.

The side wall used in the present invention
includes the short side wall and the long side wall.

Generally, during the operation of the tundish,
the pouring of the molten metal info a mold is
continuously performed, while the supply of the
molten metal into the tundish is made from a ladle,
and when one ladle is poured out this vacant ladle
must be changed by another ladle to continue the
supply of the molten metal to the tundish. However,
at the time of this ladle change, the supply of the
molten metal is stopped temporarily, so that the
level of molten metai in the ladle lowers.

As the level of moiten metal in the tundish
lowers, the amount of slag mixed in the molten
metal and entangled into the mold increases.
Therefore, in the practice of tundish operation, it is
necessary to maintain the level of molten metal in
the tundish not lowerer than a predetermined level.
This level is called the minimum level of the molten
metal normally contained in the tundish, and is
determined in view of the design of a tundish, a
final product quality io be sought, etc. Usually this
minimum level is about 400 to 450 mm from the
bottom surface.

Also it is desirable to retain and allow a certain
amount of molten metal to solidify in the tundish
after the pouring of the moiten metal from the
tundish in order to efficiently strip off the coating
material from the bottom surface of the tundish
together with the solidified metal. This is called the
level of molten metal remaining after pouring out of
the molten metal from the tundish. Usually this
level comes about 150 to 200 mm from the bottom
surface of the tundish.

Brief Explanation of the Accompanying Drawings:
Figure 1 schematically shows the anode sys-

tem according to one embodiment of the present
invention.
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Figures 2(a) and (b) schematically show the
anode system according to a modification of the
present invention.

Figures 3(a) and (b) schematically show the
anode system according to another modification of
the present invention.

Figure 4 schematically shows the anode sys-
tem acCording to a further modification of the
present invention.

Description of the Preferred Embodiments:

The present invention will be more clearly and
better understood from the following description of
the preferred embodiments with reference to the
accompanying drawings.

In Figure 1, 1 is a tundish, 2 is a cover for the
tundish, 3 is a molten metal contained in the tun-
dish, 3a represents the maximum level of the mol-
ten metal normally contained in the tundish, 3b
represents the minimum level of the molten metal
normally contained in the tundish at the time of
ladle change and 3c represents the level of the
molten metal remaining in the tundish after the
pouring-out of the molten metal from the tundish. 4
is a cover for a heating chamber provided at the
top of the tundish, through which the plasma torch
5 electrically connected to the power source
through a cable is inserted into the heating cham-
ber. 6 is the refractory dam member according o
the present invention. In this embodiment, the dam
member is provided on the bottom 2a near the
short side wall 2b of the tundish to provide a space
or gap (b = 3 to 4 cm) therebetween. 7 is an
electrical conductive member (anode) with its front
end projecting into the space or gap, and the other
end being electrically connected to the power
source through a cable 9.

The current passage to the molten metai 3 in
the tundish is effected through the electrical con-
ductive member 7, and the molten metal flowing
into the space or gap or the solidified metal 8 in
the space or gap.

According to the present invention, it is neces-
sary that the dam member 6 has a height lower
than the minimum level 3b (about 400 to 450 mm -
preferably 350 to 400 mm -from the bottom sur-
face) of the molten metal normally contained in the
tundish at the time of the ladle change but higher
than the level 3¢ (about 150 to 250 mm preferably
150 to 200 mm from the botiom surface) of the
molten metal remaining in the tundish after the
pouring out of the molten metal from the tundish. In
this embodiment, the dam member bridges be-
tween the opposing longitudinal side walls of the
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tundish preferably in a constant height. However,
the dam member may be ] shape or arch shape
extending from the side wall and surrounding the
electrical member.

With the satisfaction of the height conditions of
the dam member as defined above, as the dam
member is lower than the minimum level 3b of the
molten metal, the current passage to the moiten
metal can be smoothly efiected even at the time of
ladle change when the level of the molien metal
lowers to the minimum level 3b. On the other hand,
as the dam member is higher than the level 3c of
the molten metal remaining in the tundish after the
pouring of the molien metal from the tundish, the
solidified metal in the space can never be pysically
connected to the solidified metal remaining in the
tundish because of the existence of the dam mem-
ber therebetween, so that the solidified metal 8 in
the space is not removed even when the solidified
metal remaining on the bottom of the tundish is
removed and can be retained in the space serving
as a component of the anode permanently without
the damage of the dam member, and the side wall
refractory around the hole through which the anode
is inserted.

In the above embodiment, the electrical con-
ductive material is inserted through the short side
wall of the tundish, but it may be inserted through
the longitudinal side wall or bottom wall of the
tundish, and the space between the dam member
and the side wall may be provided between an
over-flow wall (2c in Figures 3 (a), (b), in cases
where such an over-flow wall is provided in the
tundish, and the dam member provided near the
over-flow wall. The space formed between the
over-fliow wall and the dam member functions simi-
larly as the space formed between the side wall
and the dam member.

In Figures 2(a) and 2{b) showing another modi-
fication of the present invention, 6 is a dam mem-
ber of the same sfructure and design as the dam
member shown in Figure 1, 8 is a refractory cover
for the conductive member 7 which is formed in a
hooked shape or L shape, made of steel. In this
modification, the conductive member 7 is inserted
info the tundish from upward and runs along the
height of the side wall and part of the bottom of the
tundish into the space formed between the dam
member and the refractory cover 8, with the rising
end portion 7¢ projecting into the space, preferably
up to the height of the dam member. The refrac-
tory cover 8 covers the poriion 7a running on the
side wall and the portion 7b running on the bottom
so as {o protect the conductive memiber from the
attack of the molten metal in the tundish. The rising
portion projecting into the space, when brought into
contact with the molten metal is melted by the
molten metal during the tundish operation.
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In addition to the advantages of the embodi-
ments shown in Figure 1, the embodiment shown
in Figures 2(a) and 2(b) has the advantages that as
the rising end portion 7c initially projects inio the
space up to ihe height of the dam member, it is no
more necessary for the conductive member o wait
for the flowing-in of the molten metal into the
narrow space between the side wall and the dam
member as in the embodiment shown in Figure 1,
and as the conductive member is not inserted
through the side wall there is no danger of leeking
of the molten metal through the hole of the side
wall.

In Figures 3(a) and 3(b), the dam member
provided near the over-flow wall 2c¢ and the elec-
trical conductive member 7 is arranged in the same
manner as in Figures 2(a) and 2(b).

The over-flow wall is used for removing an
excessive amount of the molten metal from the
tundish. This modified mebodiment produces same
results as the embodiment shown in Figures 2(a)
and 2(b).

According - to another modification of the
present invention as shown in Figure 4, the anode
assembly is formed by uiilizing the longitudinal
side wall 2d of the tundish. In this case, the dam
member 6 exiends from the side wall in a ] shape
surrounding the elecirical conductive member 7.

In this modification also, similar results can be
obtained as in the modification shown in Figures 2-
(a) and 2(b).

As understood from the foregoing description,
the anode system according {o the present inven-
tion can be used almost permanently for the plas-
ma heating in the tundish and is very economical
and simple in the structure.

Claims

1. An anode system for plasma heating usable
in a tundish of a continuous casting apparatus,
comprising:

a dam member provided on the bottom of the
tundish near a side wall member of the tundish to
form a space therebetween; and

an electrical conductive member with its end por-
tion exposed to the space and the other end being
electrically connected to a electric power source
for plasma;

said dam member having a height higher than a
level of molten metal remaining after pouring out of
the molten metal from the tundish, but lower than a
minimum level of molten metal normally contained
in the fundish.

2. An anode system according to claim 1,
wherein the side wall member is an over-flow wall
provided in the tundish.
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3. An anode system according to claim 1 or 2,
wherein the electrical conductive member is in-
serted into the tundish through a hole bored in the
side or bottom wall of the tundish.

4. An anode system according to claim 1 or 2, 5
wherein the electrical conductive member is in-
serted into the tundish from above and runs on the
inside-wall of the tundish to the space, and the
portion of the electrical conductive member ex-
posed to the molten metal in the tundish except for 70
the end portion is covered with a refractory cover.

5. An anode system according to any of the
preceding claims, wherein the electrical conductive
member is made of metal having the same com-
position as the molten metal in the tundish. 15

6. An anode system according to any of the
preceding claims, wherein the electrical conductive
member is made of steel.

7. An anode system according to claim 1 or 2,
wherein the end portion of the electrical conductive 20
member projects into the space up to the height of
the dam member.

25

30

35

45

50

55



0 235 340

FIG. 1
—7
7 —-
(=)
A
VOISO INIIE Lﬁﬁ YU NI s 7
¢ ) 3a Qi'\
Ab s =TI ==
A“- -3b R s
B VF i 3c \
/ m] 777777777777 77777 77 7777
Tea6]] 3
FIG. 2(a)
1 .
2~ 3
"
7-43’—‘ 7 AN 31“
/ /AR
/ N
//IV///j/ 77

b 7




2bA |

7

FIG.2 (b)
O/ b Za

0 235 340

/

/

\
*

[

]
V

~d

J




0 235 340

4=

j ql, 2/ . ENN Nw’
ANy 77777777 77777

NIANE .

V" o

2z ﬁ“ﬁw ! f
I I Sas |
] ) ] N
i 7434/./1( S Y
%
BN

(o> ¢ b3




0 235 340

FIG. 3¢b)




0 235 340




EPO Form 1503 03 82

9

European Patent
Office

EUROPEAN SEARCH REPORT

Application number

EP 86 10 3047

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
Category of relevant passages to claim APPLICATION (Int. Cl1.4)
A PATENTS ABSTRACTS OF JAPAN, vol. 1 B 22D 11/10
9, no. 317 (C-319)[2040], 12th B 22 D 41/00
December 1985; & JP-A-60 152 610
(SHIN NIPPON SEITETSU K.K.)
10-08-1985
* Figure *
A PATENTS ABSTRACTS OF JAPAN, vol.
9, no. 14 (M-352)[1737], 22nd
January 1985; & JP-A-59 163 062
(SHIN NIPPON SEITETSU K.K.)
14-09~1984
A PATENTS ABSTRACTS OF JAPAN, vol.
7, no. 203 (M-241)[1348], 8th
September 1983; & JP-A-58 100
951 (SHIN NIPPON SEITETSU K.K.)
15-06-1983 TECHNICAL FIELDS
SEARCHED (Int. Cl.4)
B 22D
C 22 B
The present search report has been drawn up for ali ciaims
Place of search ’ Date of completion of the search Examiner
THE HAGUE 28-11-1986 MAILLIARD A.M.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particutarly reievant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background S e
O : non-written disclosure & . member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

